Abstract. Pancreatic-duodenal homeobox 1 (PDX-1) is a transcription factor that regulates embryological pancreas development and insulin expression in adult islets. The current study investigated the expression profile and potential role of PDX-1 in breast cancer. Immunohistochemistry was performed to determine the expression pattern of PDX-1 in breast cancer and adjacent benign breast tissues. In addition, cell proliferation and the cell cycle were evaluated following the transient inhibition of PDX-1 with antisense oligonucleotides in MCF-7 human breast cancer cells. Real-time PCR and western blotting were conducted to investigate the correlation between PDX-1, P53, Ki-67, Caspase 3 and Caspase 8. These experiments demonstrated that PDX-1 was downregulated in human breast cancer tissue compared with adjacent normal breast tissue. Knockdown of PDX-1 expression in vitro in MCF-7 breast cancer cells promoted cell proliferation and disrupted the cell cycle, as demonstrated by the overexpression of P53 and Ki-67 at the mRNA and protein levels. In conclusion, the current study shows that PDX-1 regulates cell proliferation and the cell cycle in human breast cancer cells by altering the expression of the cell cycle-related genes, P53 and Ki-67. These data suggest that PDX-1 is a putative tumor suppressor in breast cancer.
Introduction
The pancreatic-duodenal homeobox protein 1 (PDX-1) is 6 kb in length and located on chromosome 5 in mice, 12 in rats and 13q12.1 in humans (1) . During mouse embryogenesis, PDX-1 is expressed in the pancreas, duodenum and gastric pyloric glands. These organs are deformed in PDX1-deficient mice (2) . As a transcription factor, the PDX-1 gene plays a critical role in embryological pancreas development and insulin expression in adult pancreatic islets (3, 4) . PDX-1 deficiency leads to duodenal and pancreatic ageing (5) . The name PDX-1 is inaccurate, as the transcription factor is not exclusively expressed in pancreatic and duodenal tissues and is highly expressed by a large proportion of human tumors, including gastric and pancreatic cancer.
Over the past decade, there has been a large body of evidence supporting the aberrant expression of PDX-1 in malignant tumors, including pancreatic (6), prostate (7), stomach (8, 9) , colon (10) and breast cancers (11, 12) . In pancreatic cancer, PDX-1 induces increased cell proliferation, invasion and colony formation in vitro. PDX-1 expression has also been correlated with human embryonic kidney (HEK) 293 and MIA PaCa2 pancreatic cancer cell xenograft tumor formation in SCID mice. Thus, these data suggest that PDX-1 has oncogenic properties (13) . Another study reported that the expression level of PDX-1 correlates with lymph node metastasis and histological grade, where positive PDX-1 was associated with poor prognosis for breast cancer patients (14, 15) , while Ma et al demonstrated a tumor suppressor role of PDX-1 in gastric cancer (16) .
However, at present, little is known about the expression and function of PDX-1 in breast cancer. In this study, the expression of PDX-1 in breast cancer specimens and adjacent normal tissues was examined using immunohistochemistry, and staining was scored against pathological characteristics. Antisense oligonucleotide (ASO) was employed to downregulate PDX-1 expression in MCF-7 breast cancer cells and to determine its impact on cell proliferation and the cell cycle.
Materials and methods
Specimens. In this study, 81 formalin-fixed paraffin-embedded human breast cancer specimens and 20 adjacent normal specimens were collected from the Department of Pathology of Shanghai Tenth People's Hospital. All samples were confirmed as invasive ductal breast cancer. The specimens were from patients who had not received any chemotherapy or radiotherapy prior to surgery.
Immunohistochemistry. Paraffin-embedded breast cancer sections were heated to 75˚C for 60 min, deparaffinized by dimethyl benzene (Guoyao Corp., Shanghai, China), treated with 3.0% H 2 O 2 in methanol for 10 min and rehydrated in Downregulation of pancreatic-duodenal homeobox 1 expression in breast cancer patients: A mechanism of proliferation and apoptosis in cancer graded concentrations of ethanol/water. Antigen retrieval was accomplished by heating in 10 mmol citrate buffer, pH 6.0, for 30 min in a steamer, followed by cooling for 30 min at room temperature. Sections were blocked with 5% BSA for 30 min then incubated with primary antibody against PDX-1, Ki-67 or P53 for 2 h at 37˚C. Indirect immunohistochemical detection was performed through incubation with 200-fold diluted peroxidase-conjugated secondary antibodies (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) for 60 min at room temperature. The peroxidase reaction was developed using diaminobenzidine (Sigma-Aldrich, Shanghai, China), followed by counterstaining with Harris' hematoxylin, dehydration and mounting. PDX-1 staining for each tissue core was semi-quantitatively scored as 0-1 (-), 2 (+), 3-4 (++) and 5-6 (+++), according to the amount of stained cells and the intensity of staining. High-power magnification fields (five) were randomly selected: (a) Intensity of staining: no brown-yellow, 0; slightly yellow, 1; brown-yellow, 2; brown, 3; (b) The percentage of stained cells: no PDX-1-stained cells or PDX-1 stained cells account for less than 5%, 0; ≤25%, 1; 26-50%, 2; (c) The final score was determined by the sum of (a) and (b).
Cell culture. The MCF-7 breast cancer cell line used in this study was obtained from the Chinese Academy of Sciences and cultured in DMEM (Gibco, New York, NY, USA) supplemented with 10% fetal bovine serum (Gibco), 100 U/ml penicillin and 100 µg/ml streptomycin (Genom, Hangzhou, China). Cells were incubated at 37˚C in a humidified chamber supplemented with 5% CO 2 .
ASO transfection. For transfections, 2-4x10 6 cells/well were seeded into a 6-well plate and cultured in serum-and antibiotic-free DMEM. As the confluency of MCF-7 breast cancer cells reached 80-90%, cells were transfected with ASO. Briefly, ASO plasmid and lipofect transfection reagent were independently diluted in 250 µl DMEM medium at a ratio of 1:3 ASO:lipofect and incubated for 5 min at room temperature. Next, the diluted ASO plasmid and lipofect were gently combined and incubated for a further 20 min. Following this, 500 µl of the ASO-lipofect complex was added to each well. DMEM was replaced by DMEM with 10% FBS 4-5 h later. All cells were incubated in a 37˚C/5% CO 2 incubator for 48 h prior to further testing.
Cell proliferation assay. Cell proliferation was assessed using the CCK-8 assay kit (Sigma, Santa Clara, CA, USA). Cells were plated in 96-well plates at 10,000 cells/well (Corning, Inc., Corning, NY, USA). Cells were transfected in triplicate with 0.1, 0.2, 0.4, 0.6 or 0.8 µmol/l PDX-1 ASO. Cell proliferation was evaluated at 24, 48 and 72 h, according to the manufacturer's instructions.
Cell cycle assay. Cells were harvested and centrifuged at 1,200 rpm for 5 min and washed twice in PBS. To fix cells, 3 ml ice-cold 70% ethanol was added in a dropwise fashion and incubated with cells for at least 30 min. A total of 250 µl 0.05 g/l propidium iodide (PI) staining solution was added to each sample and incubated for 30 min at room temperature. PI staining was then analyzed by flow cytometry (FACSCanto™ II, BD Biosciences, Piscataway, NJ, USA). The proliferation index was calculated according to the following equation: PI=(S+G2/M)/(G0/G1+S+G2/M).
Real-time PCR analyses. Total RNA was isolated using TRIzol (Invitrogen, Carlsbad, CA, USA) and cDNA was generated by reverse transcription according to the Prime Script TM RT-PCR kit instructions (Takara, Shiga, Japan). Quantitative real-time PCR was performed on a 7900 HT fast RT-PCR Instrument (Applied Biosystems, Singapore) using SYBR-Green as the detection fluorophore. Forward (F) and reverse (R) primers used were as follows: PDX-1, F: 5'-TTAGT GATACTGGATTGGCGTTGT-3', R: 3'-TGGCTTTAT GGCAGATTAAGGTAC-5'; P53, F: 5'-CCACCATCCACT ACAACTACAT-3', R: 3'-AGGACAGGCACAAACACG-5'; Ki-67, F: 5'-GGGTTACCTGGTCTTAGTT-3', R: 3'-ATG GTTGAGGCTGTTCC-5'; Caspase 3: F: 5'-ATGGAAGCGA ATCAATGGACTC-3', R:3'-CTGTACCAGACCGAGA TGTCA-5'; Caspase 8, F: 5'-CCTGTCACTGTCTTGTA CCCT-3', R:3'-CCCGCAGTATCTTGCCTCC-5' and β-actin, F: 3'-CTGGAACGGTGAAGGTGACA-5' R: 5'-AGGGTA CATGGTGGTGCCGCCAGAC-3'. PCR parameters were as follows: 2 min at 95˚C and then 40 cycles of 15 sec at 95˚C, 30 sec at 60˚C. Each sample was tested in triplicate. Genespecific mRNA expression was normalized against the expression of the internal control, β-actin.
Western blotting. Protein samples were separated on 12% SDS-polyacrylamide gel (SDS-PAGE) and transferred onto PVDF membranes (Beyotime, Jiangsu, China). Immune complexes were formed by incubation of the proteins with primary antibodies against PDX-1 (R&D systems, Minneapolis, MN, USA), P53, Ki-67, Caspase 3 or Caspase 8 (Santa Cruz Biotechnology) overnight at 4˚C. Blots were washed and incubated for 1 h with DyLight-tagged antibodies conjugated anti-mouse secondary antibodies (R&D Systems). Immunoreactive protein bands were detected with an Odyssey Scanning System (Li-Cor, Lincoln, NE, USA).
Statistical analysis. All data are representative of at least 3 separate experiments performed in triplicate and are expressed as mean ± standard deviation. Correlations with tumor characteristics were calculated using Spearman's analysis. As all the data were ranked, the differences were analyzed using a non-parametric two independent samples test (Mann-Whitney U) or K independent sample test (Kruskal-Wallis Test). The null hypothesis was rejected at the 0.05 level. For RT-PCR analyses, all the samples were tested in triplicate, based on the 2-ΔΔCt method described by Livac et al (17) , and semi-quantitative analysis was used for gene quantification. Paired t-tests were performed to examine the differences between transfection groups and controls in MCF-7 breast cancer cells.
Results

PDX-1 is underexpressed in breast cancer specimens.
To investigate the correlation between PDX-1 and breast cancer, the expression of PDX-1 in human breast cancer specimens and adjacent normal tissues was examined by HE and immunohistochemical staining. Quantitative analysis revealed that Table I . PDX-1 expression in breast cancer specimens and adjacent normal breast tissues. - the positive rate of PDX-1 in breast cancer tissues was 71.6% (58/81), whereas that in non-cancerous tissues was 100% (20/20). The expression level of PDX-1 protein in breast cancer specimens was lower when compared with adjacent normal breast tissues (P<0.05; Table I ). Furthermore, PDX-1 expression was mainly cytoplasmic in breast cancer specimens. With cytoplasmic expression, PDX-1 was also present in the nucleus of adjacent normal breast tissues. Notably, it was particularly expressed on the nuclear membrane (Fig. 1) . Statistical analysis revealed that the abnormal expression of PDX-1 in breast cancer negatively correlated with pathological grade (P<0.01), as well as the protein expression of P53 (P<0.05) and Ki-67 (P<0.01; Tables II and III) . 
-----------------------------------------------------------------------------------------
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PDX-1 ASO significantly inhibits PDX-1 expression in MCF-
PDX-1 inhibits growth of MCF-7 breast cancer cells.
To characterize the impact of PDX-1 on the MCF-7 breast cancer cell line, we used PDX-1 ASO to downregulate PDX-1 and evaluate the growth rate of MCF-7 breast cancer cells at 24, 48 and 72 h after transfection using the CCK-8 assay. The relative proliferation of PDX-1 ASO-transfected cells was higher than those of controls (P<0.05). PDX-1 ASO most effectively promoted the growth of MCF-7 breast cancer cells at 48 h and at a concentration of 0.4 µmol/l (Fig. 2) . These data suggest that PDX-1 negatively regulates MCF-7 breast cancer cell proliferation.
PDX-1 modulates the cell cycle in MCF-7 breast cancer cells.
To test whether PDX-1 modulates the cell cycle of breast cancer cells, PDX-1 ASO (0.4 µmol/l) was used to transfect MCF-7 breast cancer cells and 48 h later cell cycle analysis was performed using flow cytometry. In comparison to lipofectonly treated groups and negative controls, the percentage of G0/G1 phase cells (48.25±0.87%; P<0.05) markedly decreased in PDX-1 ASO transfected cells, while the proportion of S phase cells (39.63±0.90%; P<0.05) increased. The percentage of G2/M phase cells was not significantly altered between the treatment and control groups. Furthermore, the cellular proliferation index rose to 55.59±0.77% (P<0.05). This suggests that PDX-1 initiates G0/G1 phase arrest. The downregulation of PDX-1 expression with ASO led to an increased number of Sphase cells and higher proliferation index ( Fig. 3A and B) . (Fig. 4B ).
Discussion
Breast cancer is the leading cause of cancer-related mortality in women worldwide (18) . To date, tumorigenesis and progression of breast cancer remains unclear. However, genetic abnormalities have been shown to play a pivotal role. Notably, we identified that the expression of PDX-1 in breast cancer tissues was not as strong as that in adjacent normal tissues. Moreover, PDX-1 was expressed in the nucleus of adjacent normal breast tissues, particularly on the nuclear membrane, suggesting that PDX-1 may function at the nuclear membrane. As to the fate of PDX-1 in breast cancer, Spearman's analysis indicated that PDX-1 negatively correlates with pathological stage and histological grade, as well as expression of P53 and Ki-67. Thus, underexpression of PDX-1 may represent a lower pathological stage, histological grade and improved prognosis. Therefore, these data suggest that PDX-1 may be valuable as a new prognostic biomarker for breast cancer.
In further studies, ASO-mediated downregulation of PDX-1 expression facilitated the proliferation of MCF-7 breast cancer cells. In cell cycle assays, it was observed that lowering the level of PDX-1 markedly increased the number of S phase cells, suggesting that PDX-1 is a negative regulator of cell proliferation. Given the relatively low expression of PDX-1 in breast cancer tissues and its inhibitory impact on the growth of MCF-7 breast cancer cells, it is reasonable to assert that PDX-1 serves as a tumor suppressor gene in the tumorigenesis and maintenance of breast cancer. Similar to this study, Ma et al revealed that PDX-1 functions as a tumor suppressor in gastric cancer (16) . 
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In summary, the current study shows that PDX-1 is ubiquitously expressed in non-cancerous breast tissues and that its expression profile is different to that of breast cancer tissues, where loss of its expression might act as an early biomarker for breast cancer. We propose that PDX-1 functions as a tumor suppressor in breast cancer as evidenced by its ability to inhibit cancer cell proliferation and disrupt the cell cycle. In the future, PDX-1 may serve as a potential diagnostic and therapeutic target for breast cancer treatment.
